Purpose: To report Descemet membrane endothelial keratoplasty (DMEK) for endothelial decompensation in an eye with previous radial keratotomy. Observations: A history of radial keratotomy may hasten endothelial dysfunction. Previously reported surgical treatments include penetrating kerotoplasty and Descemet stripping automated endothelial keratoplasty. Conclusions and Importance: DMEK may be successfully used in post-RK eyes with good recovery of visual acuity and patient satisfaction.
Introduction
Radial keratotomy (RK), a refractive surgical procedure used to treat myopia by creating radial incisions to flatten the central cornea, has largely fallen out of favor due to the relative success of laser keratorefractive procedures. Several complications of RK have been described in the literature, including corneal perforation, 1 decentration, 2 over-or undercorrection, 1 irregular astigmatism, contact lens intolerance, 2 stromal melting, infection, 3 and endothelial cell loss. [4] [5] [6] There have been case reports of corneal transplantation performed for intolerable side effects from prior radial keratotomy, including penetrating keratoplasty (PKP) [7] [8] [9] and Descemet stripping automated endothelial keratoplasty (DSAEK) 10,11 after RK. There is one report 12 in the literature on managing patients with Fuchs' endothelial corneal dystrophy with loss of vision after radial keratotomy using either penetrating keratoplasty or DSAEK. In this report, we discuss relevant issues and potential therapeutic approaches for this unique patient population and propose that transplanting endothelial cells with DMEK may also be an effective option.
Case report
A 56-year-old female presented with a history of radial keratotomy performed approximately 25 years prior (sixteen combination radial keratotomy-astigmatic keratotomy cuts in each eye) for myopia and astigmatism correction. The surgery was uneventful and the patient experienced good vision for almost 20 years post-operatively before noting gradually decreasing vision in the left eye. On presentation to our department she complained of poor vision in the left eye for the past 5 years. The patient's best-corrected visual acuity (BCVA) in the affected eye was 20/400. Slit lamp examination was notable for RK scars, diffuse corneal guttae, and nuclear sclerotic cataracts in both eyes (Fig. 1) . She reported no family history of corneal dystrophy. Initial corneal topography revealed 7.2 diopters of irregular against-the-rule corneal steepening at 178°in the left eye ( Fig. 2) and optical pachymetry measured a central corneal thickness (CCT) of 571 μm. K values were 25.7/32.8 × 178. There were no signs of corneal ectasia.
The patient elected to proceed with cataract surgery alone for the left eye. The cataract was removed using phacoemulsification and a +19.5 diopter monofocal Tecnis ZCB00 intraocular lens (Johnson & Johnson Vision, Jacksonville, Florida, USA) was implanted without complications. One month post-operatively, her best visual acuity (BCVA) improved to 20/70, with manifest refraction of +2.50-3.00 × 110. She maintained this vision for approximately 4 months before re-presenting with UCVA 20/200. On examination her cornea was clouded; repeat optical pachymetry was unreliable given the degree of corneal edema. Although hypertonic ointment was prescribed, her vision continued to worsen and 15 months after cataract extraction, UCVA in the left eye deteriorated to CF at 3 feet with CCT of 733 μm.
A lengthy discussion of the risks and benefits of various corneal transplantation options were presented. Although PKP would address the RK scars as well as endothelial dysfunction, the recovery period could potentially be the longest among the corneal graft options. DSAEK would address endothelial dysfunction; however, irregular astigmatism from the RK scars would remain. the literature for this particular scenario, DMEK was presented as an alternative as it could potentially deliver better visual acuity than DSAEK. 13 The patient was most concerned with optimizing her posttransplant visual outcome, and thus elected to proceed with DMEK for the left eye with the goal of simultaneously treating her irregular astigmatism.
One month post-operatively, the patient's UCVA improved to 20/50. Slit lamp examination showed corneal transparency. Six months postoperatively, BCVA is 20/40 with manifest refraction of plano −4.00 × 90 and corneal topography with 4.0 diopters of against-therule astigmatism at 174.4° (Fig. 3) . K values were 34.5/38.5 × 174.4.
Discussion
Comorbid corneal guttata in post-RK patients has previously been reported, 12 and it has been suggested that the combination of RK-associated endothelial trauma and age-related decline in endothelial cell density and function may cause the development of visually significant corneal edema in predisposed eyes.
There have been several case reports regarding surgical management of corneal decompensation after RK. [8] [9] [10] [11] Kubaloglu et al. reviewed 24 eyes which underwent PK after RK for keratoconus and found postoperative BCVA to average 20/32, with a graft rejection rate of 25% (6 eyes). 8 
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and endothelial cell loss of 43.9%. 15 Nakatani and Murakami reported on 5 cases: there were no incidences of graft failure and 100% of patients had corneal transparency at one year of follow-up, with a mean endothelial cell loss in the donor graft of 68.2% and mean residual corneal astigmatism of 1.5 diopters.
14 To our knowledge DMEK has never been reported in a post-RK eye for symptomatic endothelial cell dysfunction. Although Nakatani and Murakami suggest that DSAEK may be the procedure of choice for corneal failure after radial keratotomy, 14 we show here that DMEK may also be a viable option for endothelial recovery. Another important consideration in managing post-RK patients is refractive error. Many of these patients go on to develop irregular astigmatism, often unpredictable hyperopic shift, and central corneal steepening, as was the case in our patient. Previous papers have shown that full-thickness corneal transplant can reduce astigmatism and corneal steepening. 8, 9 Endothelial keratoplasty, whether conventional DSAEK or ultra-thin DSAEK, has been noted to induce hyperopic shift postoperatively-approximately +1.25 to +1.50 diopters. [16] [17] [18] Therefore, when planning a "triple-procedure" of DSAEK, cataract extraction, and intraocular lens implant, experienced surgeons have recommended selecting an IOL power aimed for −1.50 diopters to compensate for this resultant hyperopia. 18 However, DMEK has not been associated with such a hyperopic shift nor inducing additional irregular astigmatism. 13 Six months after DMEK, our patient's refraction went from hyperopia to plano and her irregular astigmatism reduced by 3 diopters. We did not expect DMEK to cause additional hyperopia or irregular astigmatism for this case, but were pleasantly surprised that both were reduced postoperatively. Although post-RK, endothelial decompensation patients remain a small cohort, more data would need to be collected to analyze whether there is a consistent trend toward refractive neutrality. Meanwhile, we suggest that DMEK is a viable option for post-RK patient who have endothelial decompensation from pseudophakic bullous keratopathy or Fuchs' corneal dystrophy.
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